Introduction
Premature ventricular contractions (PVCs) are usually regarded as benign in the absence of structural heart disease. However, frequent PVCs can lead to depressed LV function, called PVC-induced cardiomyopathy (PVC CMP) and can be reversible after suppression of PVCs. On the other hand, PVCs can be a part of underlying structural heart disease and may be linked to increased risk of sudden death [1] - [6] . Differentiation of these two entities can be challenging. Late gadolinium enhancement (LGE) cardiac magnetic resonance (CMR) is the gold standard imaging modality for myocardial tissue characterization [7] . In patients with enlarged cardiac chambers, LGE CMR may have a role in the differentiation of PVC CMP from primary cardiomyopathies and in predicting the improvement of left ventricular function [8] .
LGE CMR can facilitate VT ablations by providing detail about myocardial scar location and geometry. Here, we present the case of a patient with hemodynamically unstable sustained VT and frequent VPCs with left bundle branch block (LBBB) -inferior axis morphology, and review current methods used for differentiation of two entities.
Case
A 52-year-old man with a history of hypertension, frequent VPCs (34% in previous Holter) was referred to our hospital with hemodynamically unstable sustained VT (230 bpm). 12-lead ECG demonstrated LBBB and inferior axis morphology with early precordial transition. After electrical cardioversion, he had multiple episodes of nonsustained VT with the same morphology. His sinus ECG was unremarkable. Echocardiogram showed enlarged cardiac chambers, global hypokinesia with a LVEF of 30%. Coronary angiography revealed normal coronaries. Due to frequent VPCs, VPC CMP was suspected. For discrimination of VPC CMP from primary CMP a CMR study was planned.
CMR with a 1.5-T scanner (Siemens Essenza, Forchheim, Germany) was performed in multiple anatomic planes using T1-weighted and cine steady-state free precision sequences. Contrastenhanced sequences to evaluate early myocardial perfusion and delayed myocardial enhancement were also performed, using 0.1 mL/ kg gadobenate dimeglumine. LGE CMR demonstrated basal septal scar in the left ventricular outflow tract (%6 of LV myocardium), which raised the possibility of a substrate-mediated VT.
Programmed electrical stimulation performed at RV apex induced the clinical VT. Conventional activation mapping demonstrated earliest activation in the septal part of LVOT. The voltage during sinus rhythm at this site was <1.5 mV, suggesting scar consistent with delayed enhanced CMR image. Ablation at the superior border of the septal scar (30-50 W) resulted in noninducibility of the VT with programmed electrical stimulation of up to triple extrastimuli. Two days after the VT ablation, due to presence of septal scar the patient had an implantable cardioverter-defibrillator (ICD) implanted for secondary prevention. During a 12-month follow-up period despite the patient remained symptom free with no ventricular arrhythmia on Holter monitor and ICD interrogation, he had no reversal of depressed systolic function. data suggesting that the presence of more than 30 PVCs per hour, PVC couplet, or the presence of R on T have been associated with a small absolute but statistically significant two-fold increase in mortality [9] . As frequent VPCs can be a part of a structural heart disease, and therefore frequent VPCs are a cause of cardiomyopathy. Discrimination of these two pathology is important, because their association with sudden cardiac death, and therapeutic options may be different. Primary LV cardiomyopathy in which LV scar is generally present, is associated with increased risk of sudden death and an ICD should be inserted, on the other hand systolic dysfunction caused by frequent PVCs may be reversible with catheter ablation.
Real prevalence of PVC CMP is unknown, due to challenges in the diagnosis of PVC CMP, which typically requires demonstration of the reversibility of the cardiomyopathy with suppression of PVCs. Among all patients with cardiomyopathy, those with PVC CMP likely constitute only a small percentage. In a community-based prospective study, 0.3% developed abnormal left ventricular ejection fraction (LVEF) over 5 years and the attributable risk of PVCs for congestive heart failure was estimated to be 8.1% [10] . High PVC burden increases the risk of PVC CMP. Baman et al. found that a PVC burden of ≥24% to have a sensitivity of 79% and a specificity of 78% for identifying patients with PVC CMP [11] . Other studies have found statistically discriminatory PVC burden thresholds of 16% (3) and 26% [12] . The clinical value of these proposed thresholds has not been further clarified, and a lower threshold may be desired to achieve a higher sensitivity when used to evaluate patients for potential treatment. A PVC burden of 10% or a PVC frequency of 10,000 PVCs/24h has been used as an inclusion criterion in a number of recent studies [12] - [14] . Besides frequency, there are several risk factors associated with PVC CMP development. The duration of the presence of frequent PVCs are linked to PVC CMP. The initial onset may occur sooner as PVC CMP in an experimental animal study was found after only 8 weeks of induced frequent PVCs [15] . Lack of palpitations, an epicardial origin of PVCs [16] and a longer PVC QRS duration [14] have been found to be predictors for the presence of PVC CMP. The PVC burden required to develop PVC CMP has been found to be lower in patients with QRS duration ≥ 150 ms [17] . Pathophysiology of PVC CMP is not fully described. PVC may be associated with increased wall stress, which may lead to LV remodeling and dysfunction. The increased wall stress may come from two different features associated with PVCs. Firstly, the propagation of the depolarization wave occurs independently of the conduction system and leads to a slower and dyssynchronous activation of the individual wall segments. Secondly, the abnormal coupling interval of PVCs may be followed by a compensatory pause, which leads to increased filling pressure from the long diastolic period. At the cellular level, in a canine model of PVC CMP, the calcium current, ICaL, the rapid component of delayed rectifier potassium current, IKr, and the inward rectifier potassium current, IK1, have been found to be decreased [18] , [19] . Histological studies in PVC CMP model of canine myocardium showed no histopathologic abnormalities such as inflammation, fibrosis, increased apoptosis, or abnormal mitochondrial oxidative phosphorylation [20] . Fibrosis and scar deposition represents irreversible myocardial damage and generally consistent with underlying cardiomyopathic process. Imaging of fibrotic tissue may be key diagnostic modality to identify reversibility of systolic dysfunction after suppression of PVCs.
CMR imaging is able to visualize myocardial pathologies. LGE-MRI can identify scar in the LV. In this technique the signal of normal tissue is nulled and represented with black color. Due to delayed contrast enhancement scar tissue becomes bright. Scar size measurements typically based on signal intensity distribution, and the ratio of white to black regions. Therefore, delayed enhancement is only able to visualize localized scar not diffuse fibrosis.
Myocardial scar identified by CMR is associated with irreversible injury. Hasdemir et al [8] . investigated the prevalence of scar in patients with PVC CMP. They studied 298 consecutive patients with frequent PVCs and VT. Twenty-seven (9.1%) patients found to have LVEF ≤50% and diagnosed as presumptive PVC CMP. Improvement in LVEF after effective treatment of index ventricular arrhythmia was observed in 22 of 27 patients (PVC CMP group; mean PVC burden of 30.8 ± 9.9%). LVEF did not improve in five of 27 patients (primary cardiomyopathy group; mean PVC burden of 28.8 ± 10.1%).
LGEcardiac magnetic resonance (CMR) imaging was performed in 19 of 22 patients with PVC CMP and one patient (5%) had LGE. All five patients with primary cardiomyopathy underwent LGE-CMR imaging and four patients (80%) had LGE. Different studies have demonstrated that the prevalence of LGE range from 30% to 70%, in patients with different types of cardiomyopathy. For nonischemic cardiomyopathies, the type of LGE patterns are varied, including midwall patchy hyperenhancement, epicardial involvement, or global subendocardial enhancement aids in the diagnosis. They concluded that the presence of localized scar in those patients affects prognosis and can be used as a predictor of increased cardiac events. In patients with presumptive PVC CMP absence of LGE is a rule, and LGE CMR may have a role in the differentiation of PVC CMP from primary cardiomyopathies and in predicting the improvement of left ventricular function. In our case presence of basal septal located scar was considered as arrhythmic substrate of primary nonischemic cardiomyopathy.
Main goal of the treatment of PVC CMP is of suppression of PVCs pharmacologically or by catheter ablation. The initial treatment of frequent PVC, particularly with concurrent cardiomyopathy, is frequently beta-blockers, which is also part of guideline therapy for cardiomyopathies [21] . In patients with no more than mild LV dysfunction and absence of clinical heart failure, a non-dihydropyridine calcium channel blocker is a reasonable www.jafib.com Aug-Sep 2017| Volume 10| Issue 2
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alternative that traditionally has been associated with good response to arrhythmias of outflow tract arrhythmia. Efficacy of beta-blockers and calcium channel blockers in suppression of PVCs are 10% and 15% respectively [22] . Class I and III antiarrhythmic drugs are more effective than beta-blockers and calcium-channel blockers. Among class I antiarrhythmics, flecainide and propafenone reduced PVC counts by 83% and 73%, respectively. The class III antiarrhythmic sotalol reduced PVC count by 70%. Highest efficacy was found for amiodarone with a reduction of PVC count by 84%. Despite the higher efficacy, use of antiarrhythmics are restricted due to potential side effects. Catheter ablation has emerged as an efficacious treatment option in the elimination of frequent PVCs. In a number of case series, acute success rate has been greater than 80-90% and longterm success has been greater than 80%. Reversal of LV dysfunction has been reported in more than 70% of patients in selected patient populations [18] . Although studies with catheter ablation have shown higher proportion of patients with PVC suppression and improvement of LV systolic function compared to studies with antiarrhythmic therapy, there are only very limited number of studies comparing the two treatment modalities directly. Two large studies have compared catheter ablation with antiarrhythmic drug therapy directly. In a randomized study, catheter ablation was associated with a significantly lower rate of PVC recurrence compared to antiarrhythmic therapy with either propafenone or metoprolol (19.4% vs. 88.6%) in patients with frequent PVCs from the RVOT [23] . The study was not designed to conclude whether there was a difference in the effect on patients with PVC CMP. The other study was non-randomized and catheter ablation was associated with a two-fold higher proportion of patients achieving normalization of LV systolic function compared with antiarrhythmic therapy only (47% vs. 21%) in patients with frequent PVCs [24] . After catheter ablation, LVEF improved by 13% in patients who achieved normalization of LV systolic function. Also, catheter ablation was associated with greater reduction in PVC frequency than antiarrhythmic therapy (94% vs. 49%). However, the patients in the antiarrhythmic group received a wide-variety of antiarrhythmic drugs. Also, relatively more patients with outflow tract PVCs were treated with ablation, confounding the results. The effect of the best available antiarrhythmic therapy may have been underestimated.
Although underlying pathology of PVC CMP is unclear, shortterm animal experiments do not support a role for fibrosis [20] , the study on PVC CMP by using electroanatomical mapping system showed a leftward shift in the unipolar voltage, but not in bipolar voltage distribution [25] . Bipolar voltage shows local events, where as unipolar mapping has wider field of view [26] . In the study of Tanaka and co-workers associated leftward shift in unipolar voltage distribution with diffuse interstitial fibrosis. CMR quantitation of global and regional interstitial fibrosis has recently become possible with the development of novel contrast-enhanced T1 mapping techniques. In this study, CMR data with T1 mapping was not available. Identification of diffuse fibrosis by T1 mapping in patients with PVC CMP has not been investigated yet. Diffuse fibrosis may be a reason for inadequate reversal of LV function after VPC ablation in some patients. Prevalence of diffuse fibrosis identified by T1 mapping and its relationship between reversibility after ablation should be an interest of future studies.
Although improvement in LVEF after PVC ablation was initially described in patients with suspected PVC-induced cardiomyopathy, a recent study showed a comparable benefit in patients with previously diagnosed cardiomyopathy and therefore considered to have a "PVCworsened" cardiomyopathy [27] . El Kadiri M et al. investigated the impact of frequent VPCs on nonischemic cardiomyopathy. In this study all patients who underwent CMR imaging were found to have LGE suggesting a disease process other than PVC CMP. Successful ablation was found to improve LV function, but did not always normalize the EF [28] . Penela D, et al. assessed whether ablation might remove primary prevention implantable cardioverter-defibrillator (PP-ICD) indication in patients with frequent PVC. Sixty-six consecutive patients with PP-ICD indication and frequent PVC (17% ischemic heart disease) underwent PVC ablation. ICD was withheld and indication was re-evaluated at 6 and 12 months. LVEF progressively improved from 28±4% at baseline to 42±12% at 12 months (p<0.001). NYHA class improved from 2 (3%) patients with NYHA-1 at baseline to 35 (53%) at 12 months (p<0.001). The PP-ICD indication was removed from 42 (64%) patients during follow-up, 38 (92%) of them at 6 months, showing an independent association with baseline PVC burden and successful sustained ablation (SSA). In patients with SSA, a cut-off value of 13% PVC burden had 100% sensitivity and 93% specificity (AUC 99%) for removing ICD indication post-ablation. No sudden cardiac deaths or malignant ventricular arrhythmias were observed in this study. They concluded that in patients with frequent PVC and PP-ICD indication, ablation improves LVEF and in most cases allows removal of the indication [29] . CMR data of these patients is not available, CMR would be beneficial in selecting candidates in whom ICD indication would be removed. In addition to this, removal of ICD indication in two thirds of the patients seems to be high. Removal of the indication of ICD decision should be evaluated carefully, it should be kept in mind that late sudden cardiac death has been reported after apparent regression of tachycardia induced cardiomyopathy [30] . Larger randomized studies with CMR imaging are needed to identify patients whose ICD indication could be removed.
In our case, presence of localized basal septal scar and detection of earliest activation during VT on concomitant low voltage area supported the diagnosis of substrate related VT and primary LV cardiomyopathy. Despite ICD implantation for primary prevention in patients is seriously questioned in NICM after DANISH trial [31] , we considered our patient as a high risk individual with more than 5% scar in LV myocardium [32] . Present case highlights the importance of scar imaging by CMR, a potentially useful technique for discrimination of these two entities.
Primary LV cardiomyopathy in which LV scar is generally present, is associated with increased risk of sudden death and an ICD should be inserted » this assumtion is no more valid since primary prevention ICD implantation is seriously questioned in non ischemic CM (see DANISH trial) and is only debatable in case of EF < 35%.
Conclusions
VPCs are commonly seen in general population. Identification of individuals who are at high risk of cardiomyopathy development is important. Furthermore, suppression of VPCs can improve LV ejection fraction in patients with depressed systolic function after catheter ablation. Presence of myocardial scar seen by CMR may identify patients who have irreversible primary cardiomyopathy and may not benefit from ablation therapy.
